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Spin group classification of magnets

Ferromagnets Antiferromagnets

Conventional “
Collinear compensated magnets with
opposite spin sublattices connected
Unconventional T by crystal-rotation symmetries (proper
/ l orimproper) but not by crystal
inversion or translation.

L. Smejkal et al., Sci Adv. 6, eaaz8809 (2020) Altermagnets
L. Smejkal et al., Phys. Rev. X 12, 031042 (2022); Phys. Rev. X 12, 040501 (2022)
H. Reichlova, ..., L. Smejka/ et al., Nat. Comm. 15, 4961(2024)

Krempasky, L. Smejkal et al., Nature 626, 517 (2024)

S. Reimers, L. Smejkal, ..., W.H. Campos et al., Nat. Commun. 15, 2116 (2024)
S. Lee, L. Smejkal et al., Phys. Rev. Lett. 132, 036702 (2024)

A. Badura, W.H. Campos, L. Smejkal et al., Nat. Commun. 16, 7111 (2025)
Smejkal et al. Phys. Rev. Lett. 131, 256703 (2023)

Liu et al., Phys. Rev. Lett. 133, 156702 (2024)

Review: Jungwirth, Sinova, Femandes, Liu, Watanabe, Murakami, Nakatsuji, and
Smejka/, Nature 649, 837 (2026)
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Motivation: Relativistic spin polarization

Spin-orbit coupling:

HSO = Q(k) - O

Rashba Dresselhaus

Qr = Ar(—Fky, kz,0)

Qp = Ap(ky, k2, 0)

k, 4 k, 4
OV ey
N/ AL )
N T 2 TN

k-dependent spin polarization axis

L.L. Tao, EY. Tsymbal, Nat. Commun. 9, 2763
K. Zollner et al., Nat. Rev. Phys. 7, 1 (2025).

(2018).

Spintronics applications

Spin relaxation —>

reduced
spin lifetime

k-independent spin polari

zation

axis in the presence of SOC?

Rashba-Dresselhaus quantum well

Qp (k) + Qr(k)

AR=AD=\/2

. Qpsr(k) = M0, ks, 0)

Schliemann et al., PRL 90,(2003)
Bernevig et al., PRL 97 (2006)
Korlek et al., Nature 458 (2009)

S
ky A

v

persistent spin texture

Experimentally demanding

* Quantum well engineering, doping
concentration, electric field
* Complicates fabrication and limits

device integration
~0.01-0.1 eV

CAMPOSWA@PKS.MPG.DE * Limits spintronic applications

Weak spin splitting



Can we circumvent these limitations with altermagnets?

Typical scenario in altermagnets

Nonrelativistic Relativistic
collinear spin polarization noncollinear spin polarization

Strong AM
splitting from
exchange
origin

; sSOC S

~1eV S

A

B AN,
L ARRARARSE SN s

QA
AR
3

Experimentally
feasible

AM splitting in 2D + mirror symmetry
M Ss(y) = —Sa(y)

arXiv:2603.12223

M,S, =8, Dhen

Collinear spin polarization in AMs
with SOC? M,k =k

W.H. Campos, F.C.F. Mbognou, A.B. Hellenes, J. Poata, T. Chen, J. Priessnitz, L. Smejkal, arXiv:2603.12223.
CAMPOSWA@PKS.MPG.DE



Persistent altermagnetic spin polarization (PASP)

Strong persistent Weak persistent

VoTe,0  of M, La,CuQy

o™ O TM,

exchange AM splitting SOC-assisted AM splitting

arXiv:2603.12223

W.H. Campos, F.C.F. Mbognou, A.B. Hellenes, J. Poata, T. Chen, J. Priessnitz, L. Smejkal, arXiv:2603.12223.
CAMPOSWA@PKS.MPG.DE




Persistent altermagnetic spin polarization (PASP)

. — LN
1+ 7
. DC\M (S.) Strong AM splitting from exchange origin
eh:
5 0 N e (h/Ql)
@2 T ~1.5¢eV
-11 N\ T
] - A 0 Robust spin collinearity
0 N A Y | Mirror symmetry
-1
i N\ Experimentally feasible
M
V2Tez0 No quantum well engineering
. : Van der Waals layered compounds
spin-resolved ARPES in MnTe k,=0 plane Y P
10 , % Multiple tuning possibilities
| lExperiment
§ 5 | M) Theory Néel. VeCtOr
§ Magnetoelectric coupling
] Strain
UJN'
arXiv:2603.12223
Kar A7) Opr]0)
. W.H. Campos, F.C.F. Mbognou, A.B. Hellenes, J. Poata, T. Chen, J. Priessnitz, L. ¥aj#Fyg g
Dal Din, Usanov, Smejkal, WHC & Wadley et al., '

Xy 2511 01690 CAMPOSWA@PKS.MPG.DE Smejkal, arXiv:2603.12223.
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Altermagnetoelectric effect with strong PASP

VSIQ o VT

Energy (eV)

PASP switch w/o

changing the Néel
vector orientation

L. Smejkal, arXiv:2411.19928

W.H. Campos, F.C.F. Mbognou, A.B. Hellenes, J. Poata, T. Chen, J. Priessnitz, L. émejkal, arXiv:2603.12223.




PASP-enabled spin filtering junction

* Strong conductance suppression via
electric gating

* Tunnelling magnetoresistance ratio~ 100 %

Spin filtering junction

Magnetic state

= *  Written via AME effect
e * Read out via tunneling magnetoresistance
g )
D Functionalities:
= i I / « All-altermagnetic memory
1 1 1 1 . .
MYTXMMYT XM 107410°210° 102 O 100 * Spln-FET transistor
H H GP_GAP
metallic semi G(e?/h) S ar (%)
conductor

W.H. Campos, F.C.F. Mbognou, A.B. Hellenes, J. Poata, T. Chen, J. Priessnitz, L. émejkal, arXiv:2603.12223.
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Nonlinear Edelstein effect

Edelstein effect

E,

d-wave
altermagnet

5, = Kt EiE

2
Xijke % pmz

Xijk  2nd-order Spin susceptibility
tensor

M[V?  Jahn symbol [Piezomagnetic]

Ey
KXijk
Inherited d-wave
symmetry detectable
via MOKE
Class SLG Xijt # 0 Materials
Mnj;Sis [S11]
2m2m1m vy = Xovr 513
P2 Xeoy = Xovr | 1S (tgeyy)* [S12]
24/l | Xze® T T Xewy KRuOj [S3]
Xwzy = Xoyz
V,Te;0 [S13]
24/'m*mm| Xaze = —Xayy CaFesAls [S14]
UCr2SiaC [815]
B-2 22/2m Xzyz = Xzzy BIFEO3 [816]
Xzzz — Xzzz CrSb (Umy/ﬂ.zm)* [812]

V.M. Edelstein, Solid State Commun. 73, 233-235 (1990).

A. Chakraborty, A.B. Hellenes, R. Jaeschke-Ubiergo, L. Smejkal et al., Nat. Commun. 16, 7270 (2025)
N.A. Alvarez Pari, R. Jaeschke-Ubiergo, A. Chakraborty, L. Smejkal, J. Sinova, Phys. Rev. B 112, 024404 (2025)

L.E. Golub, W.H. Campos, L. émejkal, et al., arXiv:2503.12203
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Summary

Altermagnets: New class of collinear compensated magnets with broken TRS

Persistent altermagnetic spin polarization (PASP)

Protected by mirror symmetry

Strong: exchange-origin AM splitting
Weak: SOC-assisted AM splitting

Observation of weak PASP in MnTe

Functionality: All-altermagnetic memory or spin-FET F 5
transistor k’x |

Electrical control w/o Néel vector manipulation

Nonlinear Edelstein effect: Piezomagnetic response in d-wave metallic altermagnets

Piezomangetic-relat ffects in altermagnet

Thank you for your attention!

W.H. Campos, F.C.F. Mbognou, A.B. Hellenes, J. Poata, T. Chen, J. Priessnitz, L. émejkal, arXiv:2603.12223.
CAMPOSWA@PKS.MPG.DE / LSMEJKAL @PKS.MPG.DE
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